Puck and his colleagues (1956, 1957) classified tissue-cultured cells into 2 types, epithelioid (Ep) and fibroblast-like (Fb) cells, and reported that their morphological features were constant through many passages so that they could be supposed to be under genetic control. The HeLa strain derived from a human cervical carcinoma (Gey et al., 1952 ) is a typical cell line belonging to Ep-type of Puck. Observations on the stock culture of HeLa revealed a diversity of the cell shape inclusive of some of Fb-type. It gives rise to a question whether the transformation from Ep-type to Fb-type is possible. Vogt et al. (1958) reported that a mutant resistant to polio virus which occurred among HeLa cells had a morphology of fusiform and suggested the possibility mentioned above.
In the previous report (Yamada et al., 1958) , the changes in physiological activities of HeLa cells were pursued following their growth. It was observed that the endogenous respiration was most active in an early stage of cultivation and later the anaerobic glycolysis increased as the former decreased. The possibility was suggested that tissue culture might play the role of environmental factor to select cells with a high glycolytic activity. In order to better effectuate this selection, a culture of HeLa cells was exposed to a prolonged cultivation as will be described later. A new cell line obtained by the prolonged cultivation showed a high glycolytic activity and, at the same time, a special cell morphology of spindle-like or Fb-type, different from Ep-type representing the stock culture.
The present paper deals with the process of the isolation of the variant, its morphological features and other properties.
The morphological characters were durable, suggesting the genetic traits. The appearance of the new cell type was supposed, by scrutinizing the properties of the colonial clones, to be due to the spontaneous mutation and selection.
MATERIALS AND METHODS
Cells: The HeLa strain cells (Gey et al., 1952) and its derivative clonal lines were used. They have been passaged weekly in the same manner as will be mentioned later in the item of * A part of this content was included in the presentation at the 17th General Meeting of the Japanese Cancer Association in November, 1958 at Chiba and presented in Gann, 49, Suppl., 186, 1958 . The principle was also reported at the 15th General Assembly of the Japan Medical Con- days after cultivation , the cell population reached maximum, nearly 107 cells, thereafter the individual cells got into degeneration and macroscopically almost all cells floated away from the glass surface. After 20 to 30 days , about 10 small colonies newly grew on the surface. They became more definitely visible after the medium was once renewed . Text- Fig. 1 presents the exact protocol of the prolonged-culture line employed in the study . A culture started in April, 1957 was kept f or 40 days without any treatment and for another 30 days after a renewal of medium . Thereafter renewal of medium was done twice at shorter intervals to increase cell population and the first transfer was performed on the 95th day from the beginning . The cells were subjected once again to the prolonged cultivation in the same manner as mentioned above , and a group of cultures th us obtained was referred to as prolonged -culture line (P-line) . The cell morphology had already shown a remarkable change after the first prolongation . To learn whether the changed morphology was a genetic trait or out , colonial clones of P-line (Pa, Pb, Pc and Pd sublines) were produced. to the epithelial type (Puck et al., 1956) . The frequency of giant cell formation was different between O-and P-lines. Table  1 summarizes the frequency among all sublines of 4 to 5 days in culture age. The appearance of giant cells was in below 3 in the stock culture, in about 2 in O-line, and more frequent in P-line.
Growth Rates of Cells of O-and P-Lines in Routine Passages
Based on the observations through the routine weekly passages, the growth rates of parent stock and several sublines of O-and P-lines were compared with one another. All data exemplified here were obtained from cultures under the same conditions. Text- Text- Fig. 3 . Growth rates of HeLa sublines and parent stock (in case of routine passage). Vol. 12 The growth curves of Pb subline (P-line) and the parent stock are illustrated in Text- Fig. 4 . It was revealed that the growth rate of Pb subline was somewhat smaller than that of the parent stock; i. e., the mean generation time in logarithmic phase was 36.0 hours in Pb subline and 31 .8 hours in the parent stock. Table 2 summarizes growth rates in logarithmic phase of HeLa sublines and the parent stock for comparison with one another. The value of mean generation time in logarithmic phase was constant in the parent stock, around 30 hours, through the course of transfers , shorter than 30 hours in O-line, while it was longer and less constant in P-line than in the others. The differences among 3 groups were statistically significant (P<0 .05). The especially interesting fact is that the generation time of Pd subline (P-line) became shorter as the experimental series went on , which seemed to be related with the morphological reversion of the clonal line as will be described later . Text- Fig.  6 . Physiological activities of P-line and parent stock of medium was determined colorimetrically and the cell population was estimated on viable cell suspensions dispersed by disodium EDTA. As shown in Text- Fig. 5 , the parent stock and O-line fell in one group concerning the correlation between growth and pH-decrease, while P-line made another group. The degree of cell growth and pH-decrease were significantly different (P<0.01) respectively between the 2 groups. It was inferred from the result that the accumulation of lactate in consequence of glycolysis by the growing cells was more in P-line cultures than in O-line and the parent stock. A higher glycolytic activity of P-line, which had been expected based on the principle of prolonged cultivation and suggested by the above data, was verified by a comparative study on respiration and glycolysis of Pd subline with the parent stock (Text- 10 passage generations up to present. The fact suggests that a mutation from O-to P-lines of HeLa cells was introduced. It is not yet clear whether such mutants of HeLa appeared spontaneously or were induced directly by the prolonged cultivation. Since some cells, though in a small number, of elongated morphology are usually noticed in the parent stock and O-line, it is reasonable to consider the mutants appeared spontaneously and were selected by the prolonged cultivation.
Possible Occurrence of Reverse Mutation in P-line
The cell morphology of P-line is generally constant. But among the sublines of P-line, Pc and Pd tended to contain dense colonies after 30 passages (Plate- Fig. 13) , and all cells were eventually replaced by the cells of O-line type. It was observed at the same time that the growth rate of Pd cells increased as described before. The sublines used in the present experiments are colonial clones, not necessarily derived from a single cell. The possibility still remains to be cleared, therefore, that a few cells of O-line might have coexisted originally with the cells of P-line. It was shown unlikely by the following experiment.
Ba subline of O-line and Pb of P-line were mixed together in an equal number and the mixed culture was subjected to a series of passages following the routine procedure. As Plate-Figs. 14 and 15 show, the colonies of both types were distinguishable from each other several days after implantation. The appearance ratio of both types was calculated on the basis of differential counting on the colonies at an early stage of cultivation. The result is that a culture of the 4th passage generation contained the cell colonies of Ba subline in more than 95% (Table 4 ). The dominancy of Ba can easily be explained by regarding the generation time as the selecting factor, since Ba and Pb have a generation time of 24 and 36 hours, respectively. If the change from P-line to O-line mentioned above was the result of the mixture of O-line cells with P-line culture, it should have occurred much sooner than it really did as this experiment indicates. In _ conclusion, the conversion from P to O is supposedly due to a reverse mutation.
DISCUSSION
There have to date been accumulated many findings on the morphology of cells cultivated in vitro. The morphological features of established cell strains seem, in general, to be stable and they are classified, probably following the origin in vitro from which they were derived, into 2 groups: epitherial cells-HeLa (Gey et al., 1952) , KB (Eagle, 1955) , Liver (Chang, 1954) etc. and fibroblast-like cells-L (Earle, 1943) , MCN (McCulloch et al., 1956 ) etc. Henle et al. (1957) described another cell type which. As the facts mentioned above indicate, it could be reasonable to consider that there are diverse combinations, at least among cells belonging to a strain, HeLa, of variation between the morphology and the biological properties such as viral susceptibility or metabolic features. Taking the variety into consideration , the relationship between the morphological and physiological features of the HeLa sublines introduced in this paper should be further pursued more minutely.
SUMMARY
The HeLa cells were subjected to a prolonged cultivation without any special treat ment. From the cell colonies newly developed after being kept for a long term , a morphological variant was isolated and its properties were scrutinized. The variant cell has a spindle-like morphology and forms a characteristic sparse colony, while the stock culture of HeLa has a polygonal cell morphology and develops a packed colony .
Some colonial clones were isolated by Puck's colony-formation technique from the stock culture line (O-line) and the prolonged-culture line (P-line), respectively. The morphological features of each line showed no change through more than 50 passage generations for over 300 days so that those could be considered to be genetic traits. A subline of O-line produced through the prolonged cultivation a cell line seemingly belonging to P-line. It was presumed that the variant cell line might appear due to the spontaneous mutation and selection. Furthermore, the occurrence of reverse muta tion, supposedly, was observed in some sublines of P-line. It was revealed that the variant had a higher glycolytic activity than the parent stock and O-line . 
